Objective: A retrospective cohort study, using a population-based reimbursement database, was conducted for investigating the relationship between diabetes and colon cancer and assessing whether metformin had a protective effect. Methods: Overall, 493 704 men and 502 139 women, covered by the National Health Insurance, without colon cancer were followed from 2003 to 2005. Cox regression evaluated the adjusted relative risk (RR), considering confounders and detection examinations. Results: Even though diabetes patients had a significantly higher probability of receiving examinations that could lead to the detection of colon cancer, they had a significantly higher risk (24%) of this cancer after adjustment. Metformin users had a significantly lower risk (27%) of colon cancer. While comparing patients with diabetes for !1, 1-3, and R3 years to nondiabetes individuals, the adjusted RR (95% confidence interval) was 1.308 (1.020-1.679), 1.087 (0.900-1.313), and 1.185 (1.055-1.330) respectively. The higher risk among those with diabetes for !1 year suggested a possible reverse causality or a link with prediabetes. However, diabetes still might play some role in the development of colon cancer in those with diabetes for R3 years. The duration of metformin use showed an inverse trend, with a significant RR of 0.643 (0.490-0.845) in users for R3 years, when compared with nonusers. In addition, metformin may reduce colon cancer risk associated with chronic obstructive pulmonary disease (a surrogate for smoking). Conclusions: Following adjustment for potential detection bias and other covariates, diabetes remains a significant risk factor for colon cancer. Metformin may protect against colon cancer.
Introduction
Colon cancer is one of the leading causes of cancerrelated deaths in America (1), Europe (2) , and Asia (3). Its incidence has been increasing rapidly in recent decades, and it is currently the second most common cause of cancer-related deaths in Taiwan (4) . The abrupt increase in the incidence of colon cancer is probably related to factors such as obesity, a sedentary lifestyle, and the consumption of a Western diet with high fat and low fiber, all of which accompanied Taiwan's rapid economic growth (5) .
Type 2 diabetes mellitus (T2DM) increases the risk for several types of cancers involving the liver, pancreas, colon, endometrium, bladder, and breast (6, 7, 8, 9, 10, 11) . Insulin resistance, hyperinsulinemia, oxidative stress, and proinflammation have been suggested as the potential mechanisms (7, 8) . Recent studies have suggested that different antidiabetic therapies may affect the diabetes patients' risk of developing cancer. Among them, insulin (12) and insulin secretagogues (13, 14) may increase this risk, but metformin (15, 16, 17, 18, 19) and possibly thiazolidinedione (20) may reduce it.
Studies on the link between metformin and colon cancer are still sparse and the results are controversial. A recent systematic review and meta-analysis suggested that metformin was associated with a significant overall cancer risk reduction of 31% (21) . However, its protective effect could only be demonstrated for pancreatic cancer and hepatocellular carcinoma, and the results were not significant for cancers involving the colon, breast, and prostate (21) . In this meta-analysis, only three papers evaluated the effect of metformin on colon cancer risk specifically (12, 16, 17) and the summary relative risk (RR; 95% confidence interval) was 0.64 (0.38-1.08) (21) . Another meta-analysis (19) , which included a paper from Taiwan (15) , estimated a significant summary RR of 0.63 (0.47-0.84). On the other hand, a recent short-term clinical trial evaluating the effect of metformin 250 mg/day (nZ12) vs no treatment (nZ14) in nondiabetic patients with rectal aberrant crypt foci (an endoscopic surrogate marker for colorectal cancer) for only 1 month found a significantly reduced number of aberrant crypt foci in metformintreated patients (22) . This study strongly indicated a potential inhibitory effect of metformin on colorectal carcinogenesis. Currently, more than ten ongoing clinical trials are aimed at investigating the anticancer effects of metformin on various human malignancies involving the breast, prostate, pancreas, endometrium, kidney, lung, lymphoma, and others (23, 24) .
A recent study conducted in the USA showed that diabetes patients, particularly in the first year of diagnosis, are more likely to receive endoscopic examinations of the lower gastrointestinal tract (25) . This increases the likelihood that studies evaluating the link between diabetes and colon cancer, without considering the greater frequency of these clinical examinations in diabetes patients, might result in a biased overestimation of the incidence of colon cancer, especially among those with new-onset diabetes. Furthermore, it has not yet been fully evaluated whether the duration of metformin use is an important determinant in its association with colon cancer. Therefore, using the reimbursement databases of the National Health Insurance (NHI) of Taiwan, this study aimed to investigate: i) whether the link between T2DM and colon cancer is independent of detection bias; and ii) whether metformin and the duration of its use are associated with a protective effect against colon cancer.
Materials and methods

Study population
This is a population-based retrospective cohort study. As colon cancer is rare in young people, we analyzed the data for all ages and for those aged R40 years. Figure 1 shows a flowchart of the selection procedure used in this study. After exclusion of individuals with type 1 diabetes (in Taiwan, patients with type 1 diabetes were issued a 'Severe Morbidity Card' after certified diagnosis), individuals whose region of residence was unknown, and individuals diagnosed with To compare whether the diabetes patients had a higher probability of receiving an examination to detect potential colon cancer than subjects without diabetes, the following examinations were performed by the c 2 test: i) abdominal sonography; ii) computed tomography and/or magnetic resonance imaging; iii) colofibroscopy; iv) tumor markers including carcinoembryonic antigen, carbohydrate antigen (CA) 19-9, CA-125, CA-153, and antisquamous cell carcinoma antigen; and v) any of the above.
Multivariable Cox regression models were created first to calculate the adjusted RRs for the following independent variables (diabetes/metformin status models): age, sex, diabetes status (yes vs no), dyslipidemia (ICD-9-CM codes: 272.0-272.4), obesity (278), hypertension (401-405), chronic obstructive pulmonary disease (COPD, 490-496, a surrogate for smoking), asthma (493), stroke (430-438), nephropathy (580-589), ischemic heart disease (410-414), peripheral arterial disease (250.7, 785.4, 443.81, and 440-448), eye disease (250.5, 362.0, 369, 366.41, and 365.44), statins, fibrates, angiotensin-converting enzyme inhibitors and/or angiotensin receptor blockers, calcium channel blockers, aspirin, dipyridamole, clopidogrel/ticlopidine, nonsteroidal antiinflammatory drugs (NSAID), sulfonylurea, metformin, insulin (nonusers, users !3 years, and users R3 years), acarbose, thiazolidinedione, region of residence, occupation, and potential colon cancer detection examinations. The region of residence, classified as Taipei, Northern, Central, Southern, and Kao-Ping/Eastern regions, served as a surrogate for geographical distribution of environmental exposure. Insured individuals were classified according to their occupation (a surrogate for socioeconomic status) as class I (civil servants, teachers, employees of governmental or private businesses, professionals, and technicians), class II (people without a specific employer, self-employed people, or seamen), class III (farmers or fishermen), and class IV (low-income families supported by social welfare or veterans).
To evaluate whether diabetes duration affected the RR, the independent variable of 'diabetes status' in the above 'diabetes/metformin status models' was re-categorized as 'no diabetes' (the referent group) and diabetes duration for !1, 1-3, and R3 years (diabetes duration models). To evaluate whether there was an association between metformin use and colon cancer risk, the duration of metformin use was categorized as !1, 1-3, and R3 years and the RR was compared with nonusers (metformin duration models). The other covariates entered into these regression models were the same as those in the 'diabetes/metformin status model'.
As smoking may also increase the risk of colon cancer (27) , and a recent animal study suggested that metformin can prevent lung cancer induced by the tobacco carcinogen in A/J mice (28) , we attempted to analyze whether metformin use would reduce or modify the risk of colon cancer associated with tobacco use by using COPD as a surrogate for smoking. Multivariable models were created to estimate the adjusted RRs for the joint effect of metformin use and COPD (metformin/COPD joint effect models) by dividing the subjects into four subgroups: i) group 1, metformin use (C)/COPD (K) (referent group); ii) group 2, metformin use (C)/COPD (C); iii) group 3, metformin use (K)/ COPD (K); and iv) group 4, metformin use (K)/COPD (C). Interaction between metformin use and COPD was then assessed by adding the cross-product term in the models and determining the statistical significance of the coefficient for the interaction term (metformin/ COPD interaction models). The other independent variables entered into these models were the same as in the previous 'diabetes/metformin status model'.
Analyses were conducted using SAS Statistical Software, version 9.1 (SAS Institute, Cary, NC, USA). A P value !0.05 was considered statistically significant. Table 1 compares the performance of clinical examinations that might potentially lead to the incident detection of colon cancer in diabetes patients and subjects without diabetes. The diabetes patients had a significantly higher probability of receiving clinical examinations that might potentially lead to the detection of colon cancer. Table 2 shows the multivariable-adjusted RRs for colon cancer with regard to different independent variables in the 'diabetes/metformin status models'. Age, male sex, diabetes, COPD, ischemic heart disease, dyslipidemia, metformin, region of residence, and potential colon cancer detection examinations were significant predictors in either the model for all ages or age R40 years. Nephropathy and NSAID users had a significantly higher risk for all ages, but the risk was not significant for subjects aged R40 years. Table 3 shows the additional Cox models. In the 'diabetes duration models', only those with new-onset diabetes (!1 year) and those with diabetes for R3 years had significantly higher risk of colon cancer. In the 'metformin duration models', even though an inverse trend was observed in the risk of colon cancer with a longer duration of metformin use, only users for R3 years would have a significantly lower risk of w35%. In the 'metformin/COPD joint effect models', when compared with the referent group (those who used metformin and did not have COPD), the risk was only significantly higher for those who did not use metformin and had COPD simultaneously. For those who used metformin, the risk was not significantly different between patients with and without COPD. The P value for the interaction term was not significant (PO0.1) in the 'metformin/COPD interaction model' either for all ages or for those aged R40 years (data not shown).
Results
Discussion
This study showed that even though patients with diabetes may have a higher probability of receiving examinations that could lead to an incident detection of colon cancer (Table 1) , as reported by Lewis et al. (25) , the risk of colon cancer in patients with diabetes remained significantly higher than that in the subjects without diabetes in the Cox regression analyses, after adjustment for confounders and these examinations (Table 2) . Furthermore, metformin use was consistently associated with a lower risk of colon cancer (Tables 2 and 3) , especially with use for R3 years ( Table 3 ). The use of metformin also reduced the risk of colon cancer related to smoking when COPD was used as a surrogate (Table 3) , but there was no significant interaction between metformin use and COPD on colon cancer risk.
Diabetes was not the only chronic disease linked to colon cancer; a variety of comorbidities such as COPD (a surrogate for smoking), nephropathy, ischemic heart disease, and dyslipidemia were also associated with a higher risk for colon cancer (Table 2 ). This strongly suggested that the common pathological changes 
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www.eje-online.org associated with these conditions, such as insulin resistance, hyperinsulinemia, oxidative stress, and proinflammatory state, may underline the development of colon cancer. The link with these chronic comorbidities also suggested a complicated scenario in the study of the link between diabetes and colon cancer because at different diabetes stages these comorbidities may set in and influence the association. These comorbidities should also be considered and adjusted for in future studies evaluating the risk of developing colon cancer. The w30% higher risk of developing colon cancer associated with new-onset diabetes (diabetes duration !1 year), as shown in the 'diabetes duration models' of Table 3 , may argue against a causal role of diabetes in the development of colon cancer in these patients due to the brevity of the diabetes period. Detection bias might play some role during this time and a reverse causality of abnormal glucose metabolism induced by colon cancer could not be excluded. However, this might also indicate a link between prediabetes and colon cancer as the presence of insulin resistance with hyperinsulinemia before the onset of diabetes may significantly increase the risk of cancer (7, 8) . The w20% higher risk of colon cancer associated with diabetes for R3 years in the 'diabetes duration models' (Table 3) suggested a potential causal link with diabetes in these patients, as the diabetes was diagnosed at least 3 years before the colon cancer and would probably not be a consequence of the carcinogenic process. The use of insulin (12), insulin secretagogues (13, 14, 15) , or thiazolidinedione (19, 20) may also affect cancer risk. In this study, except for metformin, we could not identify any significant association with other antidiabetic therapies and colon cancer (Table 2) . However, though not statistically significant, the use of insulin for R3 years was associated with a more than 60% higher risk of colon cancer (Table 2) . Further in-depth analyses would be worthwhile to explore this insulin effect on colon cancer. The lower risk of colon cancer associated with metformin use (Tables 2 and 3) was in agreement with the earlier meta-analyses (19, 21) and supported the preliminary clinical trial by Hosono et al. (22) . Together, these studies provided a strong rationale for undertaking larger clinical trials to investigate the cancer-protecting effects of metformin on various human malignancies including colon cancer (23, 24) .
The higher risk of colon cancer associated with NSAID use in the analyses carried out for all ages (Table 2) probably reflected a preexisting higher inflammatory condition associated with their use. However, this association was not significant when the analyses were conducted for those aged R40 years ( Table 2) . We did not carry out in-depth analyses for the role of these drugs because it was not the main theme of this study.
Living in the Northern or Metropolitan Taipei region (the two most urbanized regions in Taiwan) was associated with a significantly higher risk of colon cancer than was living in other regions. This was compatible with the common concept that colon cancer is a disease related to a Westernized lifestyle (5) . On the other hand, occupation was not significantly associated with colon cancer risk. This implied that socioeconomic status or income might not be a significant risk factor. As cancer is associated with a severe morbidity and most medical copayments can be waived for those insured with NHI, it was unlikely that there would be different detection rates among the social classes. This study has several strengths. It is a populationbased study with a large and nationally representative sample. Therefore, the findings of this study can be generalized to the population of Taiwan. However, generalization of the study findings to other ethnicities should be reconfirmed. The database included outpatients and inpatients, and we included diagnoses of both sets of patients. The use of medical records reduced the bias related to self-reporting. Finally, we excluded patients with type 1 diabetes to demonstrate a link with T2DM.
This study also has a few limitations. We did not have biochemical data such as glucose, insulin, HbA1c, or lipid levels to evaluate their potential effects. Some potential confounders such as anthropometric factors, dietary factors, physical activity, family history, and genetic parameters were not measured, and we used COPD as a surrogate for smoking. As this is an observational study, an experimental design will be needed to confirm the protective effect of metformin use on the development of colon cancer.
In summary, this study confirms a higher risk of colon cancer in patients with T2DM despite the existence of a detection bias. Furthermore, the results support that a protective effect of metformin on the development of colon cancer, and metformin use may protect against the colon cancer associated with smoking when COPD is used as a surrogate marker.
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